OBJECTIVE -Evaluate use of a web-based shared medical record (SMR) between older patients with diabetes and providers.
W
ebsites providing secure access to electronic medical records shared between patients and providers represent a new form of online health services. Such shared medical records (SMRs) allow patients to view personal electronic health information, send secure electronic messages to care teams, and use online services such as appointment scheduling and medication refills. Similar to "integrated personal health records" that have been promoted as facilitating engagement in care, SMRs allow systems to share patient-centered information between patients and care providers (1) . They have the potential to empower patients, support chronic disease self-management, and move beyond care based on episodic, in-person, and often discontinuous visits (2, 3) . Early evidence suggests high levels of patient satisfaction with web-based SMRs (4, 5) , reduced in-person visits (6) , and improved clinical outcomes (7) (8) (9) (10) .
Questions remain, however, about the role of the SMR in the care of older individuals who may be less able or interested in using online health services (11) . Because older individuals are more likely to have chronic conditions that require intensive coordination and management, increasing use in this group remains an important challenge for implementation of Internet-based patient-centered medical records. In our literature review, we have not identified a study evaluating the predictors of use for online services such as SMRs in a Medicare-aged population.
This article describes the characteristics predictive of initial and continued use of SMRs in a longitudinal cohort of patients with diabetes aged Ն65 years, following implementation of a SMR. Based on previous studies, we hypothesized that younger age, female sex, and higher neighborhood socioeconomic status (SES) level would be predictive of SMR use (4, 6, 12) . We also hypothesized that the SMR features related to communication, medication refills, and information would be useful to individuals with characteristics of higher morbidity, insulin use, greater distance between home and primary care clinic, and having a primary care provider (PCP) with a higher average level of use of the SMR's secure messaging feature.
RESEARCH DESIGN AND
METHODS -We performed a retrospective cohort analysis of SMR website use linked to administrative health data at Group Health Cooperative (GHC), a mixed-model health delivery system. GHC provides health insurance and comprehensive care to ϳ500,000 residents in the northwestern U.S. In 20 clinics operated by GHC, patients choose a PCP who guides and coordinates their care. Beginning August 2003, patients enrolled in these clinics were able to access their SMR via the MyGroupHealth patient website, which was linked to the ambulatory electronic medical record (EpicCare, Verona, WI). A detailed description of the implementation and use of the patient website was reported previously (4) . In brief, the SMR features implemented included the following: secure messaging with health care providers; requesting medication re-fills and in-person appointments; and viewing test results, after-visit summaries, medical problem lists, allergies, and immunizations. During our study period, GHC physicians were expected to use the SMR to communicate with patients via secure messaging. Documentation of messages, after-visit summaries, and test results were available to patients and GHC health care providers via the shared electronic medical record. To help ensure information security, patients were required to verify their identity before using these features.
Participants included 6,185 individuals aged Ն65 years continually enrolled during the study period who were identified at GHC as having diabetes for at least 1 year before the implementation of the SMR (August 2003); they were followed to the end of the observation period (December 2007), or death. Study procedures were approved by the GHC institutional review board.
Outcomes were initial and subsequent use of the SMR. We defined initial SMR use as the date of the first use of at least one of the eight SMR features during the study period, following initial registration and subsequent postal verification. Initial use of SMR was treated as a binary outcome. Rates of continued SMR use were measured as the number of days/ month in which patients used any of the listed features, accounting for censoring due to death.
Predictors were measured in the following manner. Administrative data prov i d e d a g e a t b a s e l i n e a n d s e x . Neighborhood SES status was derived from the zip code for each patient in combination with census block information on median education and income levels derived from the 2000 U.S. census (13, 14) . Distance to the clinic was calculated between the patient's home address and clinic location of the PCP; we chose a distance Ն27 km from the clinic to approximate Ն30 min of traveling time. We used the Johns Hopkins Adjusted Clinical Groups case mix system to measure each individual's overall morbidity burden (15) (16) (17) (18) . This algorithm groups ICD-9 codes by similar expected amounts of care, taking into account acute and chronic conditions. Based on age, sex, and ICD-9 codes identified over the previous 12 months, Adjusted Clinical Groups software assigns a level of overall morbidity between 1 (none) and 6 (very high). Enrollees using insulin were identified using pharmacy data. The PCP's use of the SMR communication feature was measured as the proportion of secure messaging exchanges (or "threads"), divided by the number of threads plus the total number of in-person visits each PCP had with his or her panel in the same period (19) .
We treated age as categories (65-69, 70 -74, and Ն75 years). Sex, driving distance Ͼ30 min, and low neighborhood SES were treated as binary variables. We grouped Adjusted Clinical Groups levels into three morbidity categories: "very high," "high," or "moderate and lower." The PCP's proportion of secure messaging was treated as a group-linear variable, using deciles of use (e.g., 0 -10%, 11-20%, etc., up to 100%).
Variables were generated as baseline and changing characteristics. We calculated baseline variables on 1 August 2003. For time-varying clinical characteristics of morbidity category, insulin use, and assigned PCP, we calculated a baseline measure and then determined if and when each enrollee changed status. Insulin use and assigned PCP were tracked each month; for overall morbidity, we calculated change variables each quarter. To emphasize larger morbidity changes, we designated morbidity change if the enrollee moved from "moderate or lower" to a "high" or "very high" morbidity level. Insulin initiation was determined when the first prescription for insulin was filled. Change to a PCP with a higher rate of secure messaging was indicated if 1) the patient changed PCP and 2) the new PCP's rate was at least 10 percentage points higher than the previous PCP.
We selected a Cox proportional hazard analysis with robust standard errors to examine the relationship of baseline predictors and time to initial SMR use. After unadjusted analyses for each predictor, we fit an adjusted model with all of the above predictors. To evaluate the effect of changing clinical variables over time, we used an alternate Cox model and added time-dependent covariates updated each month (secure messaging, insulin use) or quarter (morbidity category). To assess whether the effect of worsening morbidity, starting insulin, or a change to a PCP with higher messaging was temporary or lasting, we fit a series of models where the effect of change was allowed to last varying lengths of time: 1 month, 3 months, 6 months, and lastly from the time of the change to the end of the study period.
To examine rates of SMR use among ever-users, we compared rates of use after initial use (days of SMR use/month) among various subgroups determined by the predictors. We then fit a multivariate model with similar covariates as used in the base Cox model to compare adjusted rates of use. To account for overdispersion of count data, we used a negative binomial regression model with robust standard errors. Variables were reviewed for missingness. We performed sensitivity analyses to assess the effect of excluding participants who died during the study and tested proportional hazards assumptions for the base Cox model. All analyses were run on Stata IC version 10.1 (College Station, TX). P Ͻ 0.05 was considered statistically significant.
RESULTS -Of 7,076 potential study subjects identified at the beginning of the study period, 694 (9.8%) were excluded because of enrollment interruptions and 197 (2.8%) because they switched to PCPs outside of the Group Health integrated system. A total of 6,185 enrollees (87.4%) met inclusion criteria and were followed for an average of 2.86 years before first SMR use or censoring, for a total of 17,688 patient-years of observation.
Of the 6,185 participants, 1,990 (32.2%) used the SMR during the study period. The age range among SMR users was 65-101 years. Additional characteristics are presented in Table 1 . Among SMR users, mean rate of use was 1.37 days of SMR use/month, with a median of 1.02 monthly user-days. In order, the most frequently used SMR services were as follows: clinical test results reviews, medication refill requests, and secure messages. Averaged over the entire study period, the number of unique monthly users was 77, 73, and 43 per 1,000 participants, respectively. Use of these features appeared to continue to increase over the observation period (Fig. 1) .
Unadjusted analyses indicated that younger age, male sex, living in a higher SES neighborhood, and PCP level of secure messaging were associated with patients' initial SMR use (Table 2 ). These relationships persisted in an adjusted analysis. Higher morbidity was associated with higher likelihood of initial SMR use compared with moderate or lower morbidity in the adjusted analyses. Models looking at change over time revealed additional relationships between clinical characteristics and initial SMR use (Table 3) . Older patients had a three times higher rate of signing up for and using the SMR within the same month of changing to a provider with a higher level of secure messaging use (hazard ratio 3.02, 95% CI 1.66 -5.51); increased rates were seen within 3 and 6 months of such a change. Similarly, patients who had increasing morbidity were 60% more likely to sign up and use the SMR within 3 months of change (hazard ratio 1.60, 95% CI 1.28 -2.01); an increase was seen at 6 months and any time subsequent to change. Higher morbidity also had an association with the rate of continued SMR use in the adjusted analysis. Compared with moderate or lower morbidity, individuals with high morbidity had a 30% higher rate of ongoing use (rate ratio 1.30, 95% CI 1.16 -1.45, P Ͻ 0.001), and individuals with very high morbidity had 21% higher use (rate ratio 1.21, 95% CI 1.07-1.37, P ϭ 0.003). By level of clinical need, this meant that people with high morbidity accessed the SMR 1.53 days/month, enrollees with highest morbidity did so 1.43 days/month, and those with moderate or lower morbidity used it 1.25 days/month.
Sensitivity analyses comparing methods for dealing with ties, exclusion of variables missing Ͼ1.5% of values, and exclusion of individuals dying during the study had negligible impact on overall findings. Tests for proportional hazards over time indicated that associations between initial SMR use and sex, age, distance from clinic, and neighborhood SES status changed slightly over the study period.
CONCLUSIONS -In this study of older patients with diabetes, approximately one-third of patients used services offered in an online SMR. Patients' initial use was related to baseline morbidity, as well as their baseline PCPs' use of the secure messaging feature. Increasing morbidity or change to a PCP with higher level of use had a temporal relationship with patient's initial use of the SMR. Among users, the rate of subsequent SMR access was slightly more than 1 day of use per month; higher rates of use were seen in patients with higher baseline morbidity. Four and a half years after the initial implementation, there was no evidence of a plateau of first-time users or number of repeat uses. Our study was limited to observations of a specific patient group within GHC using a single type of SMR; thus, generalization is limited. It is important to note that SMR was implemented in a health care system in which providers were salaried, with administrative support and modest incentives for use of secure messaging. As in any observational study, unmeasured confounding is possible. We were unable to directly measure individual health literacy, education, or Internet access; this would have strong influence on the ability to use web-based SMRs. Other information on English proficiency, ethnicity, and race variables were lacking. However, because the Medicare-aged GHC population tends to be predominantly white nonimmigrants, adjustment for these would not likely change overall findings, but may limit generalizability. We were unable to identify if users were patients themselves, or caregivers with SMR access. Given the important role of caregivers in the older populations, it may be important to address this question in subsequent research.
Patients were more likely to sign up and use services offered by SMRs based on morbidity level. Although not large in magnitude, the association between morbidity and SMR use was robust; baseline morbidity predicted increased initial use and continued rates of use throughout the entire study period of almost four and a half years. This reinforces similar relationships seen in studies of patient use of online health services (6, 20) and extends this to an older population of potential users with chronic conditions. Patients who developed higher morbidity were more likely to sign up and use the SMR closer to the time at which the morbidity appeared to worsen. A tangible example of this was demonstrated in patients beginning insulin. This result suggests that services such as secure messaging, lab results, and medication refills offered by the SMR may be useful to patients facing transitions to more intensive disease management, even in this older population.
In our study, level of secure messaging use by a patient's provider was associated with that patient's likelihood of initial SMR use, but not the rate of continued use. We felt that a provider's overall level of secure messaging may serve as a proxy for his or her overall use and endorsement of the SMR; such an endorsement would encourage patient use. We were not able to analyze provider level factors, such as age, sex, or panel characteristics. However, we felt that significant unmeasured provider or panel level effects were less likely, given the strong association with SMR use seen in patient who changed to a new provider with a higher level of use. Although it may be that patients who changed to new providers were more likely to use the SMR for other reasons (e.g., they felt more empowered in general, and thus more likely to make provider changes and engage SMR use), it is likely that the early interaction between patients and a higherusing provider may have triggered patient interest. Discussion during initial visits may have provided an opportunity to discuss online resources.
It is interesting that we did not see higher levels of continued SMR use in patients with providers who were higherlevel users of secure messaging. This result suggests that provider's endorsement may be important for initial patient engagement in the SMR, but subsequent We were interested to see that males were more likely to sign up and continue to use the SMR; this is the opposite of conclusions from other large studies (6, 20) . Our finding is likely based on the effect of the older age-group that we studied; looking at the subgroup of older patients in the Kaiser Permanente study mentioned (6), we found that women over age 65 years in this study had a similar likelihood of use as we found in our study. Women Ն65 years old may simply prefer to seek health care in person or via telephone, or it may be that men may have more familiarity with the Internet from recent employment. Or, it may be that older males are more likely to have caregivers that sign up to use the online health services on their behalf.
The question of whether those most in need for health care services actually receive them is of great interest to health providers and policymakers. Findings in our study suggest that web-based SMRs may provide features that are useful to patients with higher and increasing morbidity and that endorsement and use by their providers is an important factor in motivating engagement.
For providers and systems seeking to engage older patients in care through SMRs, our findings highlight potential areas of focus. Efforts to encourage physicians to use SMR features may increase initial patient engagement. Enhanced opportunities for patients to sign up for SMRs during times of increased need for care may help them to engage in these services. Providing features that are useful to patients with chronic disease and higher morbidity may be important to promote adoption, including the ability to view laboratory results, obtain medication refills, and engage in secure messaging with health care providers. Finally, continued study is needed to evaluate longer-term effects of SMRs on disease self-management, patient and physician perceptions of SMRs, as well as impacts on utilization and outcomes related to use. 
